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j:.»VSUBJECT L ,b Control System fnformation f‘or SA-203

i1, DPurpose: “This memorandum presents the control syatem infdrmation for ;
. Saturn 1B/203. (See Appendix 9 for references) 5 : N

" 2, Definitions of Symbols: Defmitions of symbols used in this memorandum
are given in Appendlx 1.

',3. General Descriptmn' 'A'general description of the guidance and control
g¢ystem and discussion of its operation are given in Appendix 2 with a general“g:
block diagram shown in Figure 1. ,

6

‘4, Control System Diagrams' Block dlagrams of the control system dynamics.
~are shown in Sheets I, 2, 3, and 4 of Drawing 50M34204, These diagrams are . -
intended to be mathematical descriptmns of the control system for simulation

purpose$, Detailed diagrams of the control system are shown on Sheets 1, 2,
ERREI ‘and 3 of Drawing 50M34207. ,
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B

s, Polaritg Dofimtions: " Vehicle polarity definitions are given' in Drawing
" Numiger : 3Bo :
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-~ 6, Control System Equations: The essential equations which define the con- B

s mmete e aa—— posItive actuator motion, and resultant thrust position as a function -
idual actuator motions-are contained in AppendiXx 3, The auxiliar :

»n system equations are described in Appendix 7 with the aid of Fz.gur‘es

n 10 and Sheets 1and 2, Drawing Number SOM34204.
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APPENDIX 1

Definitions of Symbols

Commanded thrust direction (8 command) in pitch, yaw,
and roll respectively,

Commanded actuator motions for individual actuators.

Resultant position of thrust vector due to individual
actuator motiong,

Individual actuator motions,

Ratio of g actuator to g command,

Acceleration of actuator piston,

Velocity of actuator piston,

The minimum value of g error signal in degrees required
to cause full flow in the servo hydraulic valve, (Ap-
plies t~ S-PB only),

Differential current output of the S-1B magnetic am-
plifiers of the control computer used to drive the H-l
engine servo,

Current output of the S=IVB magnetic amplifiers of the
control computer used to drive the J=2 engine servo,

Vehicle angular acceleration in pitch, yaw, and roll,
(deg/secz)u

Vehicle attitude error in pitch, yaw, and roll respec-
tively (sometimes referred to as A¢p9 A¢y” and A¢r)°

Vehicle attitude rate in pitch, yaw, and roll respectively,

Vehicle lateral acceleration perpendicular to the vehicle

longitudinal axis in pitch and yaw respectively,
Control computer attitude error gain,

Control system attitude error gain,

Control system attitude rate gain,

Control system accelerometer control gain,



€p2 Ey.r® Eyar

-

f
Ip, T(Y+R), f(Y-R)

I
Tl
T2
T3
T3 + 1
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APPENDIX I (Continued)

Digital computer attitude error gain constants
in pitch, yaw, and roll respectively,

Inertial accelerations in the X, Y, and Z space-
fixed directions, respectively,

Incremental inertial velocity outputs of the plat-
form accelerometer encoders, corresponding respec-
tively to the Xys Yyo 2

Vehicle attitude commands in Euler angles calculated
by the LVDC

Spatial amplifier error command in pitch and yaw-roll -
mixed,,

Spatial amplifier lag network time constant (seconds)

Engine functions of the APS system,

Cut-on level (volts) of spatial amplifier

Output of the spatial amplifier, pgegepmii i
Spatial amplifier lag network gain,

The amount of g in degrees caused by I nma of iv in-
put to the J=2 valves,

Spatial amplifier hysteresis network gain,

Resultant thrust of the APS system in the pitch,yaw,
and roll axes respectively,

Time of flight in seconds,
Engine numbers of the APS system,

Time base #1: Initiated at liftoff,

Time base #2: |Initiated by the actuation of the
S-1B propellant level sensors,

Time base #3: Initiated ‘by S-1B engine cutoff,

Time base #4: Initiated within the digital computer
when S-IVB cutoff conditions are satisfied or forced
by a discrete signal at a premature S-IVB engine cut-
off.

Time of event: Command Flight Control Computer S-IVB
burn mode on,
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APPENDIX 1 (Continued)

e

Time of event: Command Flight Control Computer
S-IVB Bum Mode Off (Begin Coast Phase)

Current output of the spatial amplifiers of the
control computer used to-operate the attitude
conbrol engines.



APPENDIX 2
GENERAL DESCRIPTION OF THE GUIDANCE AND CONTROL SYSTEM FOR SATURN IB/203

1, General: The general operation of the guidance and control system for
Saturn 187203 1s discussed with the aid of Figure 1,

2, Guidance System:

a, The purpose of the guidance system is to perform navigation evaluations,
to issue discrete commands, to initiate certain guidance and control functions, and
to steer the vehicle in a manner to satisfy mission requirements, This is accomplished
by means of a guidance program compiled for a particular mission and stored in the
Launch ¥ehicle Digital Computer (LVDC) memory, The LVDC is provided the input data
prior to launch and‘throughout flight from which it determines the prescribed steering
signals and discrete outputs, The inputs during the flight consist of inertial ve-
locities and discretes, and the outputs consist of attitude commands and discretes,

b, The vehicle inertial accelerations are sensed by the acceferometers of
the stabilized platform (ST-124M), The signals are sent to the Launch Vehicle Data
Adapter (LVDA), processed by the LVDA and passed to the LVDC where they are utilized
in guidance computations, The attitude signals are detected ‘by the ST-124M platform
gimbals, processed by the platform electronics, and sent to the crossover detectors
(cop’s) of the LVDA where they are further processed to obtain gimbal angles, Gimbal
angles are then utilized by the LVDC to compute guidance and control commands,

¢, The LVDC calculates the vehicle attitude commands in Euler angles (X_,
X_, X ) as a function of time during S-IB flight and as closed loop steering cominands
erinﬁ S-IVB flight, These commanded angles are compared with the ST-124M gimbal an-
gles (s_, 0., 6.1 which represent the vehicle pasition, The Xs and 6's are differenced
to obtafn tle aftitude errors which are then transformed into the vehicle coordinate
system, converted from digital to analog form, and issued to the control computer
approximately 25 times per second as ettitude error commands (., ¢,., %) . The X's
are calculated approximately every 1.0 second for S-1B stage ahd eVeryT1% seconds
for S-IVB stage, and the €'s are sampled approximately 25 times a second,

3, Control System:

g, The control system maintains the vehicle attitude and reduces vehicle aero-
dynamic loading by detecting the vehicle attitude, attitude rate, and lateral accelera-
tions, processing these data, and issuing commands to position the control engines or
fire the Auxiliary Propulsion System (APS) engines,

b, The control computer analog inputs consist of the attitude error signals

£2pe Byrolednd COMISI M E20n "B B LESSE® (E3ES, SRR Setmr Quaetda Nm LR6n 500U 5 -
from the control accelerometers, and the S-IB stage actuator positions (31 » Boys ¥
Baps Biys s Bzos B4 ) from potentiometers on these actuators. There ar® no ?npu%g
£1Bm tl%g SaﬁB s%gge dftuators since these actuators have mechanical feedback to their
respective valves,, The control computer performs the logic switching, gain changing,
and filtering of the input signals to control the effects of bending and sdoshing on
the control system, to control the effects of the sampling rate and quantization of the
attitude error signals and to maintain proper control system stability, 1t then mixes
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APPENDIX 2 (C:ntinued)

the ¥, ¢, and ¥ signals to form the actuator position commands which are compared
with the actuator positions on the SHB stage to produce error signals (Aiyps Aizp
AJS 0 AJ4 - A'l ’ AJZ - Ai3 ~ Ad, )} which are sent to the servovalves to pogition ’
thePactualors of the $-IB sgageo YTo position the S-IVB engine, the input commands
(¢ and §) form the actuator position commands which are issued to the servovalve

as i.. These servos have mechanical feedback within the valves and actuators rather

than'electrical g feedback to the control computer,

c, Engines | through 4 on the S-PB stage are utilized for vehicle control,
Pitch and roll signals are mixed on the four pitch actuators, and yaw and roll are
mixed on the four yaw actuators to obtain the required engine gimbal angles (8_,8,»
B_}, or thrust vector components, and resulting control torques, For the s-TvB 7
sfage, there is only one engine which is gimballed in pitch and yaw, The pitch sig-
nals go to the pitch actuator and the yaw signals go to the yaw actuator to produce
the required engine gimbal angles (8_, 8.) or pitch and yaw thrust vector components,
The roll signals are wrocessed by th€ APE system to produce the required roll thrust
vector components, Thus, the required »itch, yaw, and roll control torques are pro-
duced during the S-IVB powered phase, During the S-IVB coast phase, the APS system
accepts ¥ and ¢ input commands, multiplies these signals by the proper gains, mixes
the yaw and roll signals, and produces output signals from the spatial amplifier -
which are pseudo rate modulated. For example, for an input 0fe<e, (e,=1°), the
spatial amplifier output is zero, For an input e3¢, (€2ﬁ106°)9 the spatial ampli-
fier is full on. For an input e;5 e<e; the spatial amplifier output is pulse width
and pulse rate modulated, the width and rate depending on the input signal level,
The output of the spatial amplifier drives the control relays which activate the
solenoid-valves, These cause the hypergolic engines to ignite producing thrust in
the required direction,

d., The control accelerometers are used only during the S-IB stage flight,
There are two rate gyro cases: one using the emergency detection system (EDS) rate
gyros and assoicated CSP, and another using the control rate gyros and their build-
in demodulators, The control rate gyros can be utilized only on S-1B stage flight;
however, the EDS rate gyro package and CSP may be utilized during any or all phases
of flight, The EDS rate gyros will be used on the SA-283 Plight, The attitude
commands will come only from the Instrument Unit {IU) system (not the spacecraft)
during the entire 203 flight,

e, It should be noted that on the Saturn IB vehicles the EVDC iS an inte-
gral part of the control system, whereas the guidance computer (ASC-15} of Saturn |
was not, This results in the attitude loop being digitized with the effects of
quantization, sampling rate, and transport Bag being introduced in the attitude loop,
Transport Bag is given in Sheet 3, Drawing Number 50M34204 and Figure 2,

£, It should be noted that a s 255 and g, are calculated from the following

equations:
B8 .
E ;
a = = degrees of engine movement for the S-IB stage and for
/] degree of attitude error

powered pitch and yaw of the S-IVB stage,

2
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APPENDIX 2 (Continued)

€ _ degrees of spatial attitude command

yK degree of attitude error X digital computer attitude
gain factor

for the S-IVB powered roll and pitch, yaw, and roll during the coast
phase.

E _ degrees of engine movement
8 degree per second of attitude rate
for the S-PB stage and for powered pitch and yaw of the S-IVB stage,

m

- degrees of spatial attitude command
degree per second of attitude rate

e

for the S-IVB powered roll and pitch, yaw, and roll during the coast

phase.
g Bp degree of engine movement
2 - ; meter per second per second of lateral acceleration

g, applies only to the S-IB stage, g, relays close at T, + 28%1 second
and open at T, + 110%1 second,

The S-1B stage servo-valve is limited to full flow at 8 ma of A, by a

mechanical stop which limits the travel of the valve spool, The valves werd origi-
nally designed for 12 ma full flow,

3
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APPENDIX 3

CONTROL SYSTEM EQUATIONS (ACTUATOR SYSTEMS)

1, The control law for actuator systems is represented by the following equa-
tions which give the commanded thrust direction (8 command), Symbols used are de-
fined in Appendix I,

i . 8 _a ‘p + ° a0
Pitch: pc op'p alp¢p R gZPYP

! o = 5 ¥
Yaw: Bye = yly ¥ 21yty T BayTy
Roll: Bre = Bty * Ab

2. The following equations define the individual commanded actuator motions
in terms of commanded thrust direction for the S-I1B stage,

Bote = Ppe - Boe/72

Bp2c: = ch - Brc/‘/;

Bvp:’»c = ch * Brc/JT

Boac = Boe * src//E

Bylc = Byc * Brc//g

Byze = Byc - B../"2

By3c = 8yc - Brc/JE

Byge = Byc * Brc/"?

3, The following equations define the individual commanded actuator motions in

terms of commanded thrust direction for the S-1VB stage,

B B

ple - "pc
8ylc - Byc

4, The following equations represent the resultant thrust position as a function
of the individual actuator motion for the S-IB stage,
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APPENDIX 3 (Continued)

= 1/4 + B + B + B
Bp / (Bp1 p2 3 p4)
By =/2/8 (B = By = Byp = By = Byg * B v By + By)

5, The following equations represent the resultant thrust position as a function
of the individual actuator motion for the S-1VB stage,

Bp= Bp

B)’ BY
6, The preceding equations are approximations which are valid only as frequency
approaches zero since all hardware dynamics are neglected. Even at control frequency,
use of these equations in control system studies may give erroneous results, It is
suggested that bending mode filters and -engine position servo dynamics be examined
before any attempt is made to use the idealized equations given here. The degree of
accuracy of a particular study depends upon these dynamics,
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APPENDIX 4 (Continued)

NOTES: 1. The gimbal angles (8's) are sensed by means of two constant amplitude,
constant frequency, phase-shifted signals from the gimbal angle resolvers, These
signals are converted to a digital pulse count by the Crossover Detectors (COD's)

in the LVDA, Complete error analysis due to quantization and hardware tolerances is
discussed in IBM document 64-208-008H dated 24 December 1964,

2, The attitude error signal (¥) is active at all times during flight unless
overridden by a manual signal from the command service module (CSM} of the Apollo space-
craft which will not be possible until SA-204, The ¢ signal to the control computer
is the result of a D/A conversion in the LVDA and has a quantization level of 0.06
deg/bit. The change of this signal is limited by the flight program in the LVDC to
a maximum value of 0,48 degree per sampling period of approximately 40 milliseconds,

3, Only one rate gyro package will be active throughout flight— theEDS rate
gyro package,

4, The attitude rate signals are obtained from the rate gyro demodulator out-
p ut. g o P&
5, Rate gyro nulls include zero off-set,, hysteresis, mass unbalance, and
temperature variation,

6, The attitude rate signals are obtained from the demodulator output of the
control signal processor, Tolerances are the sum of the rate gyro and control signal
processor tolerances, and both units have pair/spare redundancy, The control signal
processor provides signals to the EDS distributor from preset rate switches. The ¢
and ¢_ switches are set for %5,0°/s *.5°/s and the §_ is set for ¥20°/s*1.5%s. Two"
of th& three rate gyros in either the pitch, yaw or roll axis must exceed the nreset
value in order to issue an abort signal,

7, The control accelerometers are active only during S-I1B flight, The lateral
acceleration signals are obtained fram the accelerometer signal conditioners,

8, Both the telemetry and control potentiometers are 5k ohms resistance,
There is an individual 60 volt power supply for each control potentiometer and a com-
mon 5 volt supply for the eight telemetry potentiometers, The tolerance on the scale
factor includes effects of pot loading, The 8 null is determined with the actuator
mechanical locks in position, This value represents the null due to the pot and the
mechanical locks, For a closed Poop servo, the 8 null due to all control computer in-
puts at maximum gain with specified limits is determined to be 0,¢ degrees at lift-off,
This null neglects mechanical misalignments of stages and sensors,

g9, The valve null shift is measured by the amount of A, or B required to can-
cel it, For the S-IB stage, the valve was designed for 12 na td cause full flow,

PO, Same as note 5@, except that the S-IVB valve was designed for 46.7 ma to
cause full aztuztor extension or retraction,
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APPENDIX 4 (Continued)

11, The magnetic summing amplifier saturates at approximately %23 ma, The
null shift is based on zero input to the control computer, This null shift may be
represented by an equivalent B.

12, Same as Note 13, except the S-1VB magamp saturates at £60 ma,

13, Control system unit output = nominal output value t the gain tolerance
t the null shift,

1), See drawing SOM3L20L sheet i for filter characteristics.

15, See drawing 50M34207 sheet 2 for valve and solenoid characteristics.
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APPENDIX 5 (Continued)

SATURN IB/SA-203 THHEVEIRY FUNCTIONS

1. Available on control computer connector Y-9 pins p and p for pitch, k and m for
yaw, and i and j for roll,

2, Available on control computer connector J-9 pins u and v for pitch, s and t for
yaw, and q and r for roll,

3, Available on control computer connector Y-9 pins y and z for pitch, and w and x
for yaw,

4, Control system unit output = nominal output value ¥ the gain tolerance ¥ the null
shift,

4, It should be noted that these measurements are made at the telemetry outputs of
the flight control computer and not in the blockhouse,

6, On Enclosure 58 of this Appendix are the tolerances for measurements being made
in the blockhouse,

7, When telemetrY outnuts are measured in the blockhouse, refer ¢ 808

8. See drawing 50M34204 sheet 4 for filter characteristics.

9, See drawing 50M34207 'sheet 2 for valve and solenoid characteristics,
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APPENDIX 6

SATURN IB/SA-203 ESE INPUT FUNCTIONS

RAMP GENERATOR  MAXIMUM TORQUER REMARKS
PARAMETER UNIT SCALE FACTOR RANGE SCALE FACTOR (SEE NOTES)
] Attitude Error 0.8 v/deg t15.3 deg None
substitute input
to control com-
puter
é Attitude rate 4,5 v/deg *10 deg/s None
substitute input
to control com-
puter
$ EDS rate gyro None +10 deg/s 8 mafdegfs P
(160 ma max,)
¥ Lateral accelera- 1.0 a.r/rvneter/s2 10 m/s2 None
tion substitute
input to control
computer
¥ Control accelerc= None +10 mfs2 17 ma/m/s2 2,3
meter (170 na max.)
NOTES: )
1, Resistance of torquing coils IS 135 15 OHMS,
2. Resistance of torquing coils is 150 #10 OHMS
3, Accelerometers with ser%al numbers 1 through 9 have a torquer scale

Enclosure
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APPENDIX 7

AUXILIARY PROPULSION SYSTEM (APS)

1, The control law for the APS system is represented by the following equations
which give error command (g) to the pseudo rate modulafor (spatial amplifier).

Pitch: = a a
Ep b+

Yaw - Roll Mixed,;
Ey.r © aoywy = ¥yt a1y¢y = A0

orwr * a1y¢y * alr¢r

Eyan aoylpy +a

2, The following table illustrates the polarity of the signal required to cause
each engine to fire,

Error signal Engine on

1, e, Ip (+P)

2, &, L (=)

3. *ey p IIIII (+Y, =R)
4, -&_n I, (Y, +R)
5. *eyer III (+Y, *+R)
6. “EveR IIV (=Y, =R)

"3, The following equations represent the "on-off-modulation' characteristics of
the spatial amplifiers, where Eo is the spatial amplifier output and e is the attitude
command in degrees:

for e<[21°] , E, =0
for &#1°| , E_ = minimum pulse width and frequency,
for |#1°[<e<|#1.6°| , E_ = pseudo rate modulated signal,

for e> t1.6°] , E, = 28 constant

Enclosure 7



APPENDIX 7 (Continued)

4, The above equations do not represent the dynamics of the spatial amplifier
nor the rest of the auxiliary control system, However, they do describe the steady-
state characteristics. The dynamic characteristics may be obtained from other refer-
ences, if desired, An approximation is given in Sheet | and 2, Drawing Number
50M34204,

5, Table I gives the angular accelerations for S-IVB burn and coast phases due
to various engines firing,

6, Figure 7B and 7C are phase plane plots of S-IVB 203 pitch, yaw and roll dead-
bands, The maneuvering rate ledge for S-1VB 203 has been set at:

~% 0,30°/s for pitch and yaw where T, > T, + 5

£ 4

¥ 0,50°/s for roll where T + 1

£ 73
7. Spatial amplifier tolerance

a, ¢ triggering threshold #0,8v

0.
110 * 6%

b. ¢ full on threshold #1,28v ,
£1.6° 0

[
K]

c. ¢ triggering threshold #0.9v ,
£0,2°%/s

d. ¢ full on threshold 21.44v ,
£0,32°%/5

e, Minimum pulse duration 65 ms ¥ 10

6%

8, Figures 8A, 8B, 9A, 9B, 10A, and 10B are curves for an ideal pseudo rate modu-
lator (spatial amplifier),

a, Figures 88 and 8 - Input signal (volts) versus switching frequency,
b, Figures 98 and 9B - Input signal (volts) versus percent on time,

e, Figures 10A and 10B - Input signal (volts) versus on-time pulse width,

Enclosure ‘72



APPENDIX 7 (Continued)
TABLE 1

SA-203 S-IVB AUXILIARY
PROPULSION SYSTEM CHARACTERISTICS

MISS 10N ANGULAR ACCELERATION = DEG/s’
PHASE APS ENGINES FIRED PITCH VAW RGTL
S-IVB BURN Tops Tpys 110p,, or TT1 * * 0,904
T. =T, + 1
£= T3
S-IVB BURN Lo Tiys 111, or 111 . . 0,929
v/ 11 1V
T, =T, + 457
£~ T3
S-IVB COAST | or 111 0,125 * *
[Fuel Aft) P P
I, or I, 0.013 0,120 0,929
I, OF TT1 0,013 0,120 0,929
S-IVB COAST I, oF I 0,161 x *
(Fuel Fore) I OF T, 0,016 0,156 0,930
IIV or IIIH 0,016 0,156 0,930

NOTES: 1, All ¢'s are for unmanned type mission,

2. ¢'s in table are for single engine firings.

oo

3, &g during S-IVB burn does not include 230 ft-=1b roll torque due to 9-2 swirl,

4, ¢ = I-igili deg/s2 where

N = number of engines firing
F = thrust component = 150 1b X sin or cos 6"
d = moment arm in inches
& = mass moment of inertia in Kg = M- 32
K = proportionality constant = 0 66%5%1
o g=

5, Symbol * indicates negligible accelerations,
6, CG off-set not considered,

7. The AFS engines during S-IVB burn are activated by ¢ roll and ¢ roll inputs
only,

3
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APPENDIX 8

CONTROL SYSTEM REDUNDANCY

1. Platform Resolvers

a, Each platform axis has two resolvers associated with. it to provide
backup modes of operation should one fail during flight,

b, A Fine (64:1) resolver system is used in the prime mode and a backup
(2:1) system is used if three (3) unreasonable values occur in the fine resolver
system during one computation cycle. The resolvers are read and checked once each
minor loop (40 ms). If the difference between the Past reading and the new reading
is 20.4°, the change is considered unreasonable,

2, Switch selector

a, The reset, stage select, and read command relays, each, consist of two
parallel relays (both coils and contacts) offering improved reliability,

b, The switch selector register is protected from failure by allowing the
code or its complement to sperate the same output relay driver, The LVDC sends an
8-bit code to the selected register, The eight complement Pines are returned to the
LVDC via the LVDA and the transmitted code is cheeked, 1In the event an error is de-
tected, the register is reset and the complement code iS transmitted,

Using this code or complement-type operation allows the switch selector
to work around an inoperative relay,

%, LVDA D/A convertor channels,

a, Channels A § B in conjunction with the referenee channel provide redun-
dancy for the attitude error {¢¥) inputs to the control computer,

b. Channel A is the prime channel, Channel *B" will be selected for use

if the reference ladder output and the Channel "A* ladder output differ by an mount
20,117° (0,094v) or when the LVDA output (sam‘gle & hold circuit) to the control cam-
puter and the reference ladder output differ by an amount 20.469" (0,375v), (Each

channel consists of the ladder registers, ladder, sample E hold multiplier, sample §
hold circuit and the selection circuits),

4, Control signal processor and EDS rate gyros.

a, The EDS command E spare rate gyros, with their demodulators, in ronjunc-
tion with the EDS referenee rate gyros and its demodulator provide redundancy for the
attitude rate {§) input to the control computer,

b. The command gyros and their demodulators are used until the outputs of

the demodulators for the command and reference gyros differ by an amount >1,64°/s
0,222 deg/s then the spare gyros and their demodulators are selected for use,

Enclosure 8
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APPENDIX 8 (Continued)
5, 50 na servo amplifier channel (pitch or yaw)

a, The 50 ma command and spare servo amplifier channels in conjunction with
the reference servo amplifier channel provide redundancy for S-1VB actuator control.,

b, The command servo amplifier is the prime channel, The spare amplifier
channel is used if the outputs of the referenee and command amplifiers differ by an
amount >8 ma ¥3%. The 50 ma servyo amplifier channel consists of the servo,amplifier,
p and ¢ filters and the ¢ scaling amplifiers.

6. Spatial amplifier channels (pitch or yaw/roll)

a, The command and spare channels in conjunction with the reference channel
provide control computer attitude control (output) signal redundancy for the roll axis
during S-1VB burn phase and for pitch, and yaw/roll during coast phases,

b. The command spatials amplifier channel is used until its output and the
output of the reference channel differ by an amount from forty per cent to sixty per
cent duty cycle then the spare channel output is selected for use. (See Sheet 2,
Drawing 50M34207; spatial amplifier channel consists of the spatial amplifiers and
the ¢ and ¢ scaling amplifiers),

7, Control Relay Package
The control relay package design takes advantage of the quad redundant valves by
putting relay coils in parallel to control the series parallel valves, (refer to

Astrionics Systems Handbook dated Aug 1, 1965 and Sheet 2, Drawing 50M34207 for more
information on control relay package & valve redundancy).

Enclosure 82



APPENDIX 9
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*NOTES
1, K1 and K2 versus signal source
L9} K2 Signal Source
3,75 - ITU LVDA
10,00 APOT 10 SC

- 1,00 1uU CSP  (For Ky =1 The amplifier will be removed)
4,50 CONTROL RG

2, The EDS Rate Gyros will be used during the entire flight for SA-202 & 203,
3, Spacecraft control will not be utilized before Saturn IB Vehicle 206,

4, The control accelerometers are utilized only during S-1B flight, These filters
will be active,

5, A telemetry signal available for E’R only,

6. This diagram does not include dynamics, Values in each block are steady-state
values,

7, The 50 ma magamps and the spatial] amplifiers have pair/spare redundancy, A "no
compare™ signal will pick the relay and switch amplifiers,

8, The yaw and roll nozzles are canted 6°, The three nozzles of cach-module do
not lie in the same plane,

9. The symbo] @ indicates a telemetry signal available'from the control ‘com-
puter at the indicated points,,

10, The symbol . indicates rate switch outputs to the emergency detection sys-
tem, These signals are not voted by the control signal processor and are not limited
to the demodulator limit of ¥ PO degrees per second,

11, The symbol [@ indicates a telemetry signal available from the actuators,

12, The symbol v indicates a telemetry signal available Prom the control signal
processor,

13, In S-IVB burn mode both Y,R spatial amplifiers fire simultaneously.

14, In S-IVB burn mode the yaw signal is inhibited from reaching the spatial ampli-
fier.

15, Relay-Contacts Bl’ BZ,VBS, and 84 are activated by S=IVB burn DISCRETE FROM
LVDA,
ORIGINAL DATE .
18 FEB 65 ' GEORGE C. MARSHALL
Saturn-IB SPACE FLIGHT CENTER
DEMN §mith, E.C. Control Sgstem NATIONAL AERONAUTICS
ENE ENGR Detailed Diagram & SPACE ADMINISTRATION
Hight, HL.H,
DATE N .
Z| DESCRIP ' .
& A 50M34207 .
REVISIONS .
w . . ' » sheet 3 of 4




A

N

16, Wnpqmp winding resistance is 22,64 ohms per 100 turns., The stage, channel,
turas per winding, number of windings in series, totnl turns, and resistance that cach
filter output soes is tabulated helow: ’

Turns Number IR Total
: . _per 7 Windings Total Resistance
-} Stage , Channel Winding in Scries © Turns ‘ {Nhms)

’ B R [ I ‘ Tan 22,64
Se1n ¥ a4 - & U606 0 383,97
S Sy e 424 C4 7 T1696 0 383,07

4. o508 - a0 90,56
ﬁ ST VT 4 .70 18112
by 200 4 800 181.12
' b - 200 8 1600 - 362,24
f !
v 424 4 1696 383.97
g . Vy 424 4 1696 . 383.97
3
§
4
! - T 450 1 450 101.88
§
FS-IVD PWR Wy 450 \ 1 450 101.88
i
i -
é ép 200 1 200 45.28
@v 200 1 200 45.28
Wp 360 1 300 67.32
S-IVB APS b, 300 2 600 135.84
v . 300 2 600 135.84
o 300 1 300 67.92
ES 300 2 600 135.84
]
‘r 300 2 600 135.84
ORIGINAL DATE ) .
N GEORGE C. MARSHALL
18 FEB 65 Saturn - IB SPACE FLIGHT CENTER
DFMN CHKy rton | Control System NATIONAL AERONAUTICS
i ENGR T — Detailed Diagram 8 SPACE ADMINISTRATION
: ’ ' Hight
- DATE ) . o ) ) . . .
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